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ceive, from a network function, an indication of a first time
froma network function and an indication that the network
function cannot provide a requested service to the first
user equipment as a result of congestion control in the
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network function; and signal, to a second user equip-
ment, an indication that the first user equipment is tem-
porarily unable to provide a relay to a network for the
second user equipment over a direct link, and an indica-
tion of a second time when the first user equipment will
be able to provide said relay.
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Description
Field
[0001] The present disclosure relates to apparatus,

methods, and computer programs, and in particular but
not exclusively to apparatus, methods and computer pro-
grams for network apparatuses.

Background

[0002] A communication system can be seen as a fa-
cility that enables communication sessions between two
or more entities such as user terminals, access nodes
and/or other nodes by providing carriers between the var-
ious entities involved in the communications path. Acom-
munication system can be provided for example by
means of a communication network and one or more
compatible communication devices. The communication
sessions may comprise, for example, communication of
data for carrying communications such as voice, elec-
tronic mail (email), text message, multimedia and/or con-
tent data and so on. Content may be multicast or uni-cast
to communication devices.

[0003] A user can access the communication system
by means of an appropriate communication device or
terminal. A communication device of a user is often re-
ferred to as user equipment (UE) or user device. The
communication device may access a carrier provided by
an access node and transmit and/or receive communi-
cations on the carrier.

[0004] The communication system and associated de-
vices typically operate in accordance with a required
standard or specification which sets out what the various
entities associated with the system are permitted to do
and how that should be achieved. Communication pro-
tocols and/or parameters which shall be used for the con-
nection are also typically defined. One example of a com-
munications system is UTRAN (3G radio). Another ex-
ample of an architecture that is known is the long-term
evolution (LTE) or the Universal Mobile Telecommunica-
tions System (UMTS) radio-access technology. Another
example communication system is so called 5G system
that allows user equipment (UE) or user device to contact
a 5G core via e.g. new radio (NR) access technology or
via other access technology such as Untrusted access
to 5GC or wireline access technology.

Summary

[0005] According to a first aspect, there is provided an
apparatus for a first user equipment, the apparatus com-
prising: at least one processor; and at least one memory
comprising code that, when executed by the at least one
processor, causes the apparatus to: receive, from a net-
work function, an indication of a first time from a network
function and an indication that the network function can-
not provide a requested service to the first user equip-
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ment as a result of congestion control in the network func-
tion; and signal, to a second user equipment, an indica-
tion that the first user equipment is temporarily unable to
provide a relay to a network for the second user equip-
ment over a direct link, and an indication of a second time
when the first user equipment will be able to provide said
relay.

[0006] The apparatus may be caused to: receive, from
the second user equipment after said time, a first request
to provide said relay; and signal an acceptance to the
request.

[0007] The apparatus may be caused to: receive the
indication of the time from a network function with an
indication that the network function cannot provide a re-
quested service to the first user equipment as a result of
congestion control in the network function.

[0008] The network function may be an access and
mobility function.

[0009] The apparatus may be caused to receive, from
the second user equipment, a second request to provide
said relay before the indication of the first time is received
from the network function.

[0010] Said signal the indications may comprise sig-
nalling the indications using a direct link release request
message in response to the second request.

[0011] The apparatus may be caused to receive a sec-
ond request to provide said relay after the indication of
the first time is received from the network function.
[0012] Said signal the indications may comprise sig-
nalling the indications using a direct link establishment
reject message in response to receipt of the second re-
quest.

[0013] The first time may comprise a first value for a
timer, and the apparatus may be further caused to initiate
the timer in response to receipt of the first value, and
wherein said indication of a second time when the first
user equipment will be able to provide said relay may
indicate a remaining time left on the timer when the indi-
cation is sent.

[0014] The first time may comprise a first value for a
timer, and the apparatus may be further caused to initiate
the timer in response to receipt of the first value, and
wherein said indication of a second time when the first
user equipment will be able to provide said relay may
indicate the received value.

[0015] According to a second aspect, there is provided
an apparatus for a second user equipment, the apparatus
comprising: at least one processor; and at least one
memory comprising code that, when executed by the at
least one processor, causes the apparatus to: receive,
from a first user equipment, an indication that the first
user equipment is temporarily unable to provide a relay
to a network for the second user equipment over a direct
link, and an indication of a time when the first user equip-
ment will be able to provide said relay.

[0016] The apparatus may be caused to: signal, to the
first user equipment after said time, a first request to pro-
vide said relay; and receive, from the first user equipment,
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acceptance to the request.

[0017] The apparatus may be caused to establish the
direct link with the first user equipment before receiving
said indications, and wherein said receive the indications
may comprise receiving the indications in a direct link
release request message.

[0018] The apparatus may be further caused to signal,
to the first user equipment, a second request to provide
said relay before receiving said indications, and wherein
said receive the indications may comprise receiving the
indications in response to the second request.

[0019] Said received indication of a time when the first
user equipment will be able to provide said relay may
indicate a remaining time left on a timer of the first user
equipment when the indication is provided.

[0020] Said received indication of a time when the first
user equipment will be able to provide said relay may
indicate a start value of atimer of the first user equipment.
[0021] According to a third aspect, there is provided
an apparatus for a first user equipment, the apparatus
comprising: at least one processor; and at least one
memory comprising code that, when executed by the at
least one processor, causes the apparatus to: signal dis-
covery messages indicating that the first user equipment
is available for providing a service to another user equip-
ment via a direct link with the another user equipment;
receive, from a network function of the network, an indi-
cation that a requested service cannot be provided as a
result of congestion control; and in response to said re-
ceiptofthe indication, stop said signalling of the discovery
messages.

[0022] The apparatus may be further caused to signal,
to the network function, arequest for said requested serv-
ice, and said receive the indication may be performed in
response to said signalling of the request.

[0023] The apparatus may be further caused to: re-
ceive, from the network function, an indication of a first
time after which the first user equipment is allowed to
request said service; and resume signalling of the dis-
covery messages at the first time.

[0024] According to a fourth aspect, there is provided
an apparatus for a first user equipment, the apparatus
comprising means for: receiving, from a network function,
an indication of a first time from a network function and
an indication that the network function cannot provide a
requested service to the first user equipment as a result
of congestion control in the network function; and signal-
ling, to a second user equipment, an indication that the
first user equipment is temporarily unable to provide a
relay to a network for the second user equipment over a
direct link, and an indication of a second time when the
first user equipment will be able to provide said relay.
[0025] The apparatus may comprise means for: receiv-
ing, from the second user equipment after said time, a
first request to provide said relay; and signalling an ac-
ceptance to the request.

[0026] Theapparatus may comprise means for: receiv-
ing the indication of the time from a network function with
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an indication that the network function cannot provide a
requested service to the first user equipment as a result
of congestion control in the network function.

[0027] The network function may be an access and
mobility function.

[0028] The apparatus may comprise means for receiv-
ing, from the second user equipment, a second request
to provide said relay before the indication of the first time
is received from the network function.

[0029] Said means for signalling the indications may
comprise means for signalling the indications using a di-
rectlink release request message in response to the sec-
ond request.

[0030] The apparatus may comprise means for receiv-
ing a second request to provide said relay after the indi-
cation of the first time is received from the network func-
tion.

[0031] Said means for signalling the indications may
comprise means for signalling the indications using a di-
rect link establishment reject message in response to
receipt of the second request.

[0032] The first time may comprise a first value for a
timer, and the apparatus may comprise means for initi-
ating the timer in response to receipt of the first value,
and wherein said indication of a second time when the
first user equipment will be able to provide said relay may
indicate a remaining time left on the timer when the indi-
cation is sent.

[0033] The first time may comprise a first value for a
timer, and the apparatus may comprise means for initi-
ating the timer in response to receipt of the first value,
and wherein said indication of a time when the first user
equipment will be able to provide said relay may indicate
the received value.

[0034] According to a fifth aspect, there is provided an
apparatus for a second user equipment, the apparatus
comprising means for: receiving, from a first user equip-
ment, an indication that the first user equipment is tem-
porarily unable to provide a relay to a network for the
second user equipment over a direct link, and an indica-
tion of a time when the first user equipment will be able
to provide said relay.

[0035] The apparatus may comprise means for: sig-
nalling, to the first user equipment after said time, a first
request to provide said relay; and receiving, from the first
user equipment, acceptance to the request.

[0036] The apparatus may comprise means for estab-
lishing the direct link with the first user equipment before
receiving said indications, and wherein said receive the
indications may comprise receiving the indications in a
direct link release request message.

[0037] The apparatus may comprise means for signal-
ling, to the first user equipment, a second request to pro-
vide said relay before receiving said indications, and
wherein said means for receiving the indications may
comprise means for receiving the indications in response
to the second request.

[0038] Said received indication of a time when the first
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user equipment will be able to provide said relay may
indicate a remaining time left on a timer of the first user
equipment when the indication is provided.

[0039] Said received indication of a time when the first
user equipment will be able to provide said relay may
indicate a start value of atimer of the first user equipment.
[0040] According to a sixth aspect, there is provided
an apparatus for a first user equipment, the apparatus
comprising means for: signalling discovery messages in-
dicating that the first user equipment is available for pro-
viding a service to another user equipment via a direct
link with the another user equipment; receiving, from a
network function of the network, an indication that a re-
quested service cannot be provided as a result of con-
gestion control; and in response to said receipt of the
indication, stopping said signalling of the discovery mes-
sages.

[0041] The apparatus may comprise means for signal-
ling, to the network function, a request for said requested
service, and said receive the indication may be per-
formed in response to said signalling of the request.
[0042] The apparatus may comprise means for: receiv-
ing, from the network function, an indication of a first time
after which the first user equipment is allowed to request
said service; and resuming signalling of the discovery
messages at the first time.

[0043] Accordingtoaseventhaspect, thereis provided
a method for an apparatus for a first user equipment, the
method comprising: receiving, from a network function,
an indication of a first time from a network function and
an indication that the network function cannot provide a
requested service to the first user equipment as a result
of congestion control in the network function; and signal-
ling, to a second user equipment, an indication that the
first user equipment is temporarily unable to provide a
relay to a network for the second user equipment over a
direct link, and an indication of a second time when the
first user equipment will be able to provide said relay.
[0044] The method may comprise: receiving, from the
second user equipment after said time, a first request to
provide said relay; and signalling an acceptance to the
request.

[0045] The method may comprise: receiving the indi-
cation of the time from a network function with an indica-
tion that the network function cannot provide a requested
service to the first user equipment as a result of conges-
tion control in the network function.

[0046] The network function may be an access and
mobility function.

[0047] The method may comprise receiving, from the
second user equipment, a second request to provide said
relay before the indication of the first time is received
from the network function.

[0048] Said signalling the indications may comprise
signalling the indications using a direct link release re-
quest message in response to the second request.
[0049] The method may comprise receiving a second
request to provide said relay after the indication of the
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first time is received from the network function.

[0050] Said signalling the indications may comprise
signalling the indications using a direct link establishment
reject message in response to receipt of the second re-
quest.

[0051] The first time may comprise a first value for a
timer, and the method may comprise initiating the timer
in response to receipt of the first value , and wherein said
indication of a second time when the first user equipment
will be able to provide said relay may indicate a remaining
time left on the timer when the indication is sent.

[0052] The first time may comprise a first value for a
timer, and the method may comprise initiating the timer
in response to receipt of the first value, and wherein said
indication of a second time when the first user equipment
will be able to provide said relay may indicate the received
value.

[0053] According to an eighth aspect, there is provided
a method for an apparatus for a second user equipment,
the method comprising: receiving, from a first user equip-
ment, an indication that the first user equipment is tem-
porarily unable to provide a relay to a network for the
second user equipment over a direct link, and an indica-
tion of a time when the first user equipment will be able
to provide said relay.

[0054] The method may comprise: signalling, to the
first user equipment after said time, a first request to pro-
vide said relay; and receiving, from the first user equip-
ment, acceptance to the request.

[0055] The method may comprise establishing the di-
rect link with the first user equipment before receiving
said indications, and wherein said receive the indications
may comprise receiving the indications in a direct link
release request message.

[0056] The method may comprise signalling, to the first
user equipment, a second request to provide said relay
before receiving said indications, and wherein said re-
ceiving the indications may comprise receiving the indi-
cations in response to the second request.

[0057] Said received indication of a time when the first
user equipment will be able to provide said relay may
indicate a remaining time left on a timer of the first user
equipment when the indication is provided.

[0058] Said received indication of a time when the first
user equipment will be able to provide said relay may
indicate a startvalue of a timer of the first user equipment.
[0059] According to a ninth aspect, there is provided a
method for an apparatus for a first user equipment, the
method comprising: signalling discovery messages indi-
cating that the first user equipment is available for pro-
viding a service to another user equipment via a direct
link with the another user equipment; receiving, from a
network function of the network, an indication that a re-
quested service cannot be provided as a result of con-
gestion control; and in response to said receipt of the
indication, stopping said signalling of the discovery mes-
sages.

[0060] The method maycomprise signalling, to the net-
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work function, a request for said requested service, and
said receive the indication may be performed in response
to said signalling of the request.

[0061] The method may comprise: receiving, from the
network function, an indication of a first time after which
thefirstuserequipmentis allowed torequest said service;
and resuming signalling of the discovery messages at
the first time.

[0062] According to a tenth aspect, there is provided
non-transitory computer readable medium comprising
program instructions for causing an apparatus for a first
user equipment to perform at least the following: receive,
from a network function, an indication of a first time from
a network function and an indication that the network
function cannot provide a requested service to the first
user equipment as a result of congestion control in the
network function; and signal, to a second user equip-
ment, an indication that the first user equipment is tem-
porarily unable to provide a relay to a network for the
second user equipment over a direct link, and an indica-
tion of a second time when the first user equipment will
be able to provide said relay.

[0063] The apparatus may be caused to receive, from
the second user equipment after said time, a first request
to provide said relay; and signal an acceptance to the
request.

[0064] The apparatus may be caused to: receive the
indication of the time from a network function with an
indication that the network function cannot provide a re-
quested service to the first user equipment as a result of
congestion control in the network function.

[0065] The network function may be an access and
mobility function.

[0066] The apparatus may be caused to receive, from
the second user equipment, a second request to provide
said relay before the indication of the first time is received
from the network function.

[0067] Said signal the indications may comprise sig-
nalling the indications using a direct link release request
message in response to the second request.

[0068] The apparatus may be caused to receive a sec-
ond request to provide said relay after the indication of
the first time is received from the network function.
[0069] Said signal the indications may comprise sig-
nalling the indications using a direct link establishment
reject message in response to receipt of the second re-
quest.

[0070] The first time may comprise a first value for a
timer, and the apparatus may be further caused to initiate
the timer in response to receipt of the first value, and
wherein said indication of a second time when the first
user equipment will be able to provide said relay may
indicate a remaining time left on the timer when the indi-
cation is sent.

[0071] The first time may comprise a first value for a
timer, and the apparatus may be further caused to initiate
the timer in response to receipt of the first value, and
wherein said indication of a second time when the first
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user equipment will be able to provide said relay may
indicate the received value.

[0072] According to an eleventh aspect, there is pro-
vided non-transitory computer readable medium com-
prising program instructions for causing an apparatus for
asecond user equipment to perform atleast the following:
receive, from a first user equipment, an indication that
the first user equipment is temporarily unable to provide
a relay to a network for the second user equipment over
a direct link, and an indication of a time when the first
user equipment will be able to provide said relay.
[0073] The apparatus may be caused to: signal, to the
first user equipment after said time, a first request to pro-
vide said relay; and receive, from the first user equipment,
acceptance to the request.

[0074] The apparatus may be caused to establish the
direct link with the first user equipment before receiving
said indications, and wherein said receive the indications
may comprise receiving the indications in a direct link
release request message.

[0075] The apparatus may be further caused to signal,
to the first user equipment, a second request to provide
said relay before receiving said indications, and wherein
said receive the indications may comprise receiving the
indications in response to the second request.

[0076] Said received indication of a time when the first
user equipment will be able to provide said relay may
indicate a remaining time left on a timer of the first user
equipment when the indication is provided.

[0077] Said received indication of a time when the first
user equipment will be able to provide said relay may
indicate a startvalue of a timer of the first user equipment.
[0078] According to a twelfth aspect, there is provided
non-transitory computer readable medium comprising
program instructions for causing an apparatus for a first
user equipment to perform at least the following: signal
discovery messages indicating that the first user equip-
ment is available for providing a service to another user
equipment via a direct link with the another user equip-
ment; receive, from a network function of the network,
an indication that a requested service cannotbe provided
as a result of congestion control; and in response to said
receipt of the indication, stop said signalling of the dis-
covery messages.

[0079] The apparatus may be further caused to signal,
to the network function, a request for said requested serv-
ice, and said receive the indication may be performed in
response to said signalling of the request.

[0080] The apparatus may be further caused to: re-
ceive, from the network function, an indication of a first
time after which the first user equipment is allowed to
request said service; and resume signalling of the dis-
covery messages at the first time.

[0081] According to a thirteenth aspect, there is pro-
vided an apparatus for a first user equipment, the appa-
ratus comprising: receiving circuitry for receiving, from a
network function, an indication of a first time from a net-
work function and an indication that the network function
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cannot provide a requested service to the first user equip-
ment as aresult of congestion control in the network func-
tion; and signalling circuitry for signalling, to a second
user equipment, an indication that the first user equip-
ment is temporarily unable to provide a relay to a network
for the second user equipment over a direct link, and an
indication of a second time when the first user equipment
will be able to provide said relay.

[0082] The apparatus may comprise receiving circuitry
for receiving, from the second user equipment after said
time, a first request to provide said relay; and signalling
circuitry for signalling an acceptance to the request.
[0083] The apparatus may comprise: receiving circuit-
ry for receiving the indication of the time from a network
function with an indication that the network function can-
not provide a requested service to the first user equip-
ment as a result of congestion control in the network func-
tion.

[0084] The network function may be an access and
mobility function.

[0085] The apparatus may comprise receiving circuitry
for receiving, from the second user equipment, a second
request to provide said relay before the indication of the
time time is received from the network function.

[0086] Said signalling circuitry for signalling the indica-
tions may comprise signalling circuitry for signalling the
indications using a direct link release request message
in response to the second request.

[0087] The apparatus may comprise receiving circuitry
for receiving a second request to provide said relay after
the indication of the first time is received from the network
function.

[0088] Said signalling circuitry for signalling the indica-
tions may comprise signalling circuitry for signalling the
indications using a direct link establishment reject mes-
sage in response to receipt of the second request.
[0089] The first time may comprise a first value for a
timer, and the apparatus may comprise initiating circuitry
for initiating the timer in response to receipt of the first
value, and wherein said indication of a second time when
the first user equipment will be able to provide said relay
may indicate a remaining time left on the timer when the
indication is sent.

[0090] The first time may comprise a first value for a
timer, and the apparatus may comprise initiating circuitry
for initiating the timer in response to receipt of the first
value, and wherein said indication of a second time when
the first user equipment will be able to provide said relay
may indicate the received value.

[0091] According to a fourteenth aspect, there is pro-
vided an apparatus for a second user equipment, the
apparatus comprising: receiving circuitry for receiving,
from a first user equipment, an indication that the first
user equipment is temporarily unable to provide a relay
to a network for the second user equipment over a direct
link, and an indication of a time when the first user equip-
ment will be able to provide said relay.

[0092] The apparatus may comprise signalling circuitry
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for signalling, to the first user equipment after said time,
afirstrequest to provide said relay; and receiving circuitry
for receiving, from the first user equipment, acceptance
to the request.

[0093] The apparatus may comprise establishing cir-
cuitry for establishing the direct link with the first user
equipmentbefore receiving said indications, and wherein
said receive the indications may comprise receiving the
indications in a direct link release request message.
[0094] Theapparatus maycomprise signalling circuitry
for signalling, to the first user equipment, a second re-
quest to provide said relay before receiving said indica-
tions, and wherein said receiving circuitry for receiving
the indications may comprise receiving circuitry for re-
ceiving the indications in response to the second request.
[0095] Said received indication of a time when the first
user equipment will be able to provide said relay may
indicate a remaining time left on a timer of the first user
equipment when the indication is provided.

[0096] Said received indication of a time when the first
user equipment will be able to provide said relay may
indicate a start value of a timer of the first user equipment.
[0097] Accordingtoafifteenth aspect, thereis provided
an apparatus for a first user equipment, the apparatus
comprising: signalling circuitry for signalling discovery
messages indicating that the first user equipmentis avail-
able for providing a service to another user equipment
via a direct link with the another user equipment; receiv-
ing circuitry for receiving, from a network function of the
network, an indication that a requested service cannot
be provided as a result of congestion control; and stop-
ping circuitry for, in response to said receipt of the indi-
cation, stopping said signalling of the discovery messag-
es.

[0098] Theapparatus maycomprise signalling circuitry
for signalling, to the network function, a request for said
requested service, and said receive the indication may
be performed in response to said signalling of the re-
quest.

[0099] The apparatus may comprise: receiving circuit-
ry for receiving, from the network function, an indication
of a first time after which the first user equipment is al-
lowed to request said service; and signalling circuitry for
resuming signalling of the discovery messages at the first
time.

[0100] According to a sixteenth aspect, there is provid-
ed a computer program comprising program instructions
for causing a computer to perform any method as de-
scribed above.

[0101] According to a seventeenth aspect, there is pro-
vided a computer program product stored on a medium
that may cause an apparatus to perform any method as
described herein.

[0102] According to an eighteenth aspect, there is pro-
vided an electronic device that may comprise apparatus
as described herein.

[0103] According to a nineteenth aspect, there is pro-
vided a chipset that may comprise an apparatus as de-
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scribed herein.

Brief description of Figures

[0104] Examples will now be described, by way of ex-
ample only, with reference to the accompanying Figures
in which:

Figures 1A and 1B show a schematic representation
of a 5G system;

Figure 2 shows a schematic representation of a net-
work apparatus;

Figure 3 shows a schematic representation of a user
equipment;

Figure 4 shows a schematic representation of a non-
volatile memory medium storing instructions which
when executed by a processor allow a processor to
perform one or more of the steps of the methods of
some examples;

Figure 5 shows a schematic representation of a net-
work;

Figure 6 shows signalling between different entities;
Figures 7 to 8 illustrate example signalling between
different entities; and

Figures 9 to 11 are example flow charts illustrating
operations performed by, respectively, and analytics
producer and an analytics consumer.

Detailed description

[0105] In the following, certain aspects are explained
with reference to mobile communication devices capable
of communication via a wireless cellular system and mo-
bile communication systems serving such mobile com-
munication devices. For brevity and clarity, the following
describes such aspects with reference to a 5G wireless
communication system. However, it is understood that
such aspects are not limited to 5G wireless communica-
tion systems, and may, for example, be applied to other
wireless communication systems with analogous com-
ponents (for example, current 6G proposals).

[0106] Before explainingin detail the exemplifying em-
bodiments, certain general principles of a 5G wireless
communication system are briefly explained with refer-
ence to Figures 1A and 1B.

[0107] Figure 1A shows a schematic representation of
a 5G system (5GS) 100. The 5GS may comprise a user
equipment (UE) 102 (which may also be referred to as a
communication device or a terminal), a 5G access net-
work (AN) (which may be a 5G Radio Access Network
(RAN) or any other type of 5G AN such as a Non-3GPP
Interworking Function (N3IWF) /a Trusted Non3GPP
Gateway Function (TNGF) for Untrusted / Trusted Non-
3GPP access or Wireline Access Gateway Function (W-
AGF) for Wireline access) 104, a 5G core (5GC) 106,
one or more application functions (AF) 108 and one or
more data networks (DN) 110.

[0108] The 5G RAN may comprise one or more

10

15

20

25

30

35

40

45

50

55

gNodeB (gNB) distributed unit functions connected to
one or more gNodeB (gNB) unit functions. The RAN may
comprise one or more access nodes.

[0109] The 5GC 106 may comprise one or more Ac-
cess and Mobility Management Functions (AMF) 112,
one or more Session Management Functions (SMF) 114,
one or more authentication server functions (AUSF) 116,
one or more unified data management (UDM) functions
118, one or more user plane functions (UPF) 120, one
or more unified data repository (UDR) functions 122, one
or more network repository functions (NRF) 128, and/or
one or more network exposure functions (NEF) 124. Al-
though NRF 128 is not depicted with its interfaces, it is
understood that this is for clarity reasons and that NRF
128 may have a plurality of interfaces with other network
functions.

[0110] The 5GC 106 also comprises a network data
analytics function (NWDAF) 126. The NWDAF is respon-
sible for providing network analytics information upon re-
quest from one or more network functions or apparatus
within the network. Network functions can also subscribe
to the NWDAF 126 to receive information therefrom. Ac-
cordingly, the NWDAF 126 is also configured to receive
and store network information from one or more network
functions or apparatus within the network. The data col-
lection by the NWDAF 126 may be performed based on
at least one subscription to the events provided by the
at least one network function.

[0111] Figure 1B shows a schematic representation of
a 5GC 106’ represented in current 3GPP specifications.
[0112] Figure 1B shows a UPF 120’ connected to an
SMF 114’ over an N4 interface. The SMF 114’ is con-
nected to each of a UDR 122’, an NEF 124’, an NWDAF
126’, an AF 108’, a Policy Control Function (PCF) 130’,
and an AMF 112’ over an interconnect medium that also
connects these network functions to each other. The PCF
130’ is connected to an online charging system (OCS)
132’ over an N28 interface.

[0113] 3GPP refers to a group of organizations that
develop and release different standardized communica-
tion protocols. 3GPP is currently developing and publish-
ing documents related to Release 16, relating to 5G tech-
nology, with Release 17 currently being scheduled for
2022.

[0114] First introduced in Release 12 of the 3GPP
specifications, ProSe (Proximity Services) is a Device-
to-Device technology that allows LTE devices to detect
each other and to communicate directly. It utilizes a"side-
link" air interface for direct connectivity between devices.
Throughoutthe following, a UE that connects to a network
through another UE will be referred to as a "remote" UE,
while the another UE will be referred to as a "relay UE".
[0115] In comparison to existing D2D and proximity
networking technologies, ProSe offers several distinct
benefits including but not limited to better scalability,
manageability, privacy, security and battery-efficiency.
[0116] 5G proximity services has been introduced for
Release 17, with 3GPP Technical Specifications 23.304
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and 24.554 providing support for these services. Of these
Technical Specifications, 3GPP TS 23.304 introduced
non-access stratum (NAS) level congestion control for
5G ProSe UE-to-Network Relay, which relates to a UE,
such as a relay UE, being refused admittance to a net-
work when the network is too congested/busy.

[0117] NAS s afunctional layerinthe UMTS, LTE and
5G wireless telecom protocol stacks between the core
network and user equipment. This layer is used to man-
age the establishment of communication sessions and
for maintaining continuous communications with the user
equipment as it moves. The NAS is defined in contrast
to the Access Stratum which is responsible for carrying
information over the wireless portion of the network. A
primary distinction is that the Access Stratum is for dia-
logue explicitly between a UE and the radio network and
the NAS is for dialogue between the UE and core network
nodes.

[0118] Under current specifications, for both 5G prox-
imity services Layer-2 UE-to-Network Relays and Layer-
3 UE-to-Network Relays, when NAS Mobility Manage-
ment congestion control as specified in clause 5.19.7.2
of TS 23.501 is activated, the UE-to-Network Relay (i.e.
the relay UE) is not able to serve the remote UE after the
relay UE enters an idle state (e.g. CM_IDLE state). NAS
Mobility Management congestion control is considered
as activated under clause 5.19.7.2 of TS 23.501 when
the relay UE receives a Mobility Management back-off
timer from the AMF. This timer will simply be referred to
as a "back-off timer" hereunder. The timer is labelled
T3346 in current 3GPP specifications.

[0119] When the relay UE is running the back-off timer
when the UE enters an idle state (e.g. CM_IDLE state),
the relay UE releases the direct (i.e. the D2D) commu-
nications interface (i.e. a PC5 connection under current
terminology) with its 5G proximity services remote UEs.
This means that a remote UE will (re)select another 5G
proximity services relay UE. The relay UE also does not
accept any direct connections for relaying until the back-
off timer expires if the 5G proximity services relay UE is
in CM_IDLE state.

[0120] A remote UE may also be subject to NAS level
congestion control as specified in 3GPP TS 23.501.
[0121] As specified above in 3GPP TS 23.304 clause
5.12, the 5G proximity services UE-to-Network Relay UE
(herein labelled as Relay_UE_1) may need to either re-
ject the 5G proximity services PC5 direct link establish-
ment request back to the remote UE, and/or request to
release the PC5 direct link from the remote UE when the
NAS level mobility management congestion control is ac-
tivated at the Relay_UE 1, i.e. as long as the mobility
management back-off timer T3346 is running at the
Relay_UE_1.

[0122] However, it is not clear how and when the re-
mote UE can request again to Establish the PC5 con-
nection with that specific relay UE (Relay_UE_1).
[0123] In particular, the remote UE will need to Discov-
er another relay UE (Relay_UE_2) to be able to resume
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its servicesinstead of the Relay_UE_1.There are several
problems associated with this.

[0124] For example, the Relay UE_1 maybe the best
UE to serve the remote UE due to its near proximity to
the remote UE or due to having the best signal strength.
[0125] Further, there may be no other UE in proximity
to the remote UE except Relay_UE_1.

[0126] Further, the remote UE may retry to re-establish
the direct link connection with Relay_UE_1 after some
random time and again gets rejected from Relay_UE_1
as the timer (e.g. T3346) is still running at Relay_UE_1.
[0127] This is illustrated with respect to Figure 6.
[0128] Figure 6 illustrates signalling between a remote
UE 601, arelay UE 602 (e.g. Relay_UE_1) and an AMF
603.

[0129] At6001, the remote UE 601 discovers the relay
UE 602 is available for relaying services over a direct
(e.g. PC5) interface.

[0130] At 6002, the remote UE 601 sends an estab-
lishment request to the relay UE 602. The establishing
request may be a request to establish a direct link be-
tween the remote UE 601 and the relay UE 602.

[0131] At 6003, the relay UE 602 signals an accept
message to the remote UE 601 in response to the estab-
lishment request of 6002.

[0132] Steps 6004 to 6005 relate to establishing NAS
level mobility congestion control.

[0133] At 6004, the relay UE 602 sends a service re-
quest to the AMF 603.

[0134] At 6005, the AMF 603 responds to the service
request of 6004 with a rejection message. This rejection
may comprise a rejection cause (i.e. that the link is con-
gested) and a back-off timer (e.g. T3346). The value of
the back-off timer is generated randomly.

[0135] In response to this rejection, the relay UE 602
starts the back-off timer. Also, in response to this rejec-
tion, at 6006 the relay UE 602 signals the remote UE 601
with a direct link release request. This release request
may indicate that the relay UE 601 is temporarily una-
vailable.

[0136] At 6007, the remote UE 601 signals the relay
UE 602 to indicate that the release request of 6006 has
been accepted.

[0137] At 6008, the remote UE 601 is unaware of
whether it can request to establish a direct connection
with the same relay UE 602, so it attempts again after a
random time at 6009.

[0138] Therefore, at 6009, the remote UE 601 signals
a direct link establishment request to the relay UE 602.
However, when the relay UE 602 receives this request,
the backoff timer (e.g. T3346) is still running.

[0139] Consequently, at 6010, the relay UE 602 re-
sponds to the establishment request of 6010 with a re-
jection message. Thisrejection may include an indication
that the establishment request has been rejected be-
cause the relay UE is temporarily unavailable.

[0140] Toaddress atleastone ofthe above-mentioned
problems, the following discloses a mechanism for min-
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imizing the likelihood of a remote UE attempting to con-
nect to a relay UE when it is unlikely that the relay UE
may provide a relaying service. This results in a remote
UE obtaining a better quality of service and further results
in avoiding degrading a user’s experience.

[0141] One mechanism for assisting the remote UE to
connect to the relay UE is to configure the relay UE to
stop announcing itself as "available for relaying" during
the lifetime of the back-off timer. For example, using
3GPP terminology and signalling labels, the relay UE
may stop sending PROSE PC5 DISCOVERY during the
lifetime of the T3346 timer. Although this mechanism is
beneficial in that it reduces the amount of signalling that
may be exchanged and hence saves transmission and
processing resources, this mechanism also results in
making the remote UE unaware of the existence of that
Relay UE, which may lead to the remote UE attempting
to connect to another relay UE, which may be worse in
signal strength and not the best one for relaying.
[0142] To address this, the following proposes instead
to provide the remote UE with an indication that the relay
UE is only temporarily unavailable along with a value for
the back-off timer (e.g. timer T3346), or an indication
thereof. This means that the remote UE can know how
long it can wait before re-establishing the connection with
the same relay UE (i.e. for T3346 time period to expire),
instead of trying at a random time.

[0143] Figures 7 and 8 illustrate differentways this may
be achieved.

[0144] The first example is illustrated with respect to
Figure 7.

[0145] Figure 7 illustrates signalling between a remote
UE 701, arelay UE 702 (e.g. Relay_UE_1) and an AMF
703.

[0146] At7001, the remote UE 701 discovers the relay
UE 702 is available for relaying services over a direct
(e.g. PC5) interface.

[0147] At 7002, the remote UE 701 sends an estab-
lishment request to the relay UE 702. The establishing
request may be a request to establish a direct link be-
tween the remote UE 701 and the relay UE 702.

[0148] At 7003, the relay UE 702 signals an accept
message to the remote UE 701 in response to the estab-
lishment request of 7002.

[0149] Steps 7004 to 7005 relate to establishing NAS
level mobility congestion control.

[0150] At 7004, the relay UE 702 sends a service re-
quest to the AMF 703.

[0151] At 7005, the AMF 703 responds to the service
request of 7004 with a rejection message. This rejection
may comprise a rejection cause (i.e. that the link is con-
gested) and a back-off timer (e.g. T3346). The value of
the back-off timer is generated randomly.

[0152] In response to this rejection, the relay UE 702
starts the back-off timer. Also, in response to this rejec-
tion, at 7006 the relay UE 702 signals the remote UE 701
with a direct link release request. This release request
may indicate that the relay UE 701 is temporarily una-
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vailable. In contrast to 6006, the direct link release re-
quest of 7006 additionally comprises an indication of the
value of the back-off timer (e.g. a value of T3346).
[0153] At 7007, the remote UE 701 signals the relay
UE 702 to indicate that the release request of 7006 has
been accepted.

[0154] At7008, the remote UE 701 waits until the back-
off timer has expired.

[0155] Therefore, at 7009, the remote UE 701 signals
a direct link establishment request to the relay UE 702.
When the relay UE 702 receives this request, the backoff
timer (e.g. T3346) has expired.

[0156] Consequently, at 7010, the relay UE 702 re-
sponds to the establishment request of 7010 with an ac-
ceptance message, indicating that a direct link between
the remote UE 701 and the relay UE 702 has been es-
tablished.

[0157] Therefore, in the example of Figure 7, the 5G
proximity services UE-to-Network Relay UE provides the
remote UE with the value of the mobility management
back-off timer T3346 that 5G proximity services UE-to-
Network Relay UE has received from the network.
[0158] Although the timer value is shown in Figure 7
as being provided as part of the direct link release request
message, it is understood that this timer value may be
provided as part of other signalling from the relay UE 702
to the remote UE 701. For example, the timer value may
be provided as part of a direct link establishment request
rejection (e.g. if the signalling of 7003 and/or 7010 is a
rejection instead of an acceptance). One of these exam-
ples is illustrated below in relation to Figure 8

[0159] Figure 8 illustrates example signalling between
a remote UE 801, a relay UE 802 and an AMF 803.
[0160] Steps8001and 8002 relate toestablishing NAS
level mobility congestion control.

[0161] At 8001, the relay UE 802 sends a service re-
quest to the AMF 803.

[0162] At 8002, the AMF 803 responds to the service
request of 8001 with a rejection message. This rejection
may comprise a rejection cause (i.e. that the link is con-
gested) and a back-off timer (e.g. T3346). The value of
the back-off timer is generated randomly. On receipt of
this rejection, the relay UE 802 starts the back-off timer
(e.g. T3346).

[0163] At 8003, the remote UE 801 discovers the relay
UE 802 is available for relaying services over a direct
(e.g. PC5) interface.

[0164] At8004, the remote UE 801 signals a direct link
establishment request to the relay UE 802.

[0165] At 8005, the relay UE 802 signals a direct link
establishment rejection. This rejection message indi-
cates that the UE is not currently available. This rejection
message additionally comprises an indication of either
the complete value of the back-off timer (e.g. timer
T3346) or the remaining time till back off timer expiry.
Signalling the remaining time here may provide a better
granularity/accuracy of when the remote UE can retry
establishing the connection with the relay UE.
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[0166] At8006, the remote UE 801 waits until the pro-
vided timer expires before moving onto step 8007.
[0167] At 8007, the back-off timer has expired so the
remote UE 801 signals a directlink establishment request
to the relay UE 802.

[0168] At 8008, in response to the signalling of 8007
and the expiration of the back-off timer, the relay UE 802
signals a direct link establishment accept message.
[0169] Using terminology currently in 3GPP specifica-
tions, the 5G proximity services UE-to-Network Relay UE
can provide the value of the T3346 timer or its remaining
value to the remote UE in the PROSE DIRECT LINK
ESTABLISHMENT REJECT message and/or in the
PROSE DIRECT LINK RELEASE REQUEST message.
Providing this timer value will enable the remote UE to
know how much time it has to wait before re-requesting
to establish aPC5 directline connection with the 5G prox-
imity services UE-to-Network Relay UE.

[0170] Figures 9 to 11 are flow charts illustrating as-
pects of the above examples.

[0171] Figure 9 illustrates potential operations of an
apparatus of a first user equipment. The first user equip-
ment may be, for example, a relay UE. It is understood
that although the following highlights certain features,
that features described above in relation to the relay UE
of Figures 7 and 8 may be performed by the first user
equipment of Figure 9, depending on the specific imple-
mentation.

[0172] At 901, the first user equipment receives, from
a network function, an indication of a first time from a
network function and an indication that the network func-
tion cannot provide a requested service to the first user
equipment as aresult of congestion control in the network
function.

[0173] At 902, the first user equipment signals, to a
second user equipment, an indication that the first user
equipment is temporarily unable to provide a relay to a
network for the second user equipment over a direct link,
and an indication of a second time when the first user
equipment will be able to provide said relay.

[0174] The second time may be dependent on the first
time. By this, it is meant that the second time may be
determined using the received first time, as described
further below.

[0175] The signalling of 902 may be performed in re-
sponse to the signalling of 901. This may be performed
immediately (i.e. in direct response to receipt of the indi-
cation from the network function), or at a later time when
some other condition has been fulfilled (such as receipt
of a request to establish a direct link from the second
user equipment).

[0176] For example, the first user equipment may re-
ceive, from the second user equipment, asecond request
to provide said relay before the indication of the time is
received from the network function. In this case, the sig-
nal the indications of 901 may comprise signalling the
indications using a direct link release request message
in response to the second request.
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[0177] As another example, the first user equipment
may receive a second request to provide said relay after
the indication of the time is received from the network
function. In this case, said signal the indications of 901
may comprise signalling the indications using a direct
link establishment reject message in response to receipt
of the second request.

[0178] The second user equipment may be the user
equipment described below in relation to Figure 10. The
second user equipment may be, for example, a remote
UE. The network function may be an access and mobility
function.

[0179] The first user equipment may receive, from the
second user equipment after said second time, a first
request to provide said relay.

[0180] The first user equipment may signal an accept-
ance to the request. At this point, the first user equipment
and the second user equipment are connected via a di-
rect link (e.g. a UE-UE link/ PC5 direct link).

[0181] The indication of the first time may comprise a
first value. The apparatus may be further caused to ini-
tiate a timer in response to receipt of the first value for
said timer from a network function. This value may rep-
resent different qualities depending on the specific im-
plementation. For example, the indication of a time when
the first user equipment will be able to provide said relay
may indicate a remaining time left on the timer when the
indication is sent. As another example, the indication of
a time when the first user equipment will be able to pro-
vide said relay may indicate the received first value.
[0182] Figure 10 illustrates potential operations that
may be performed by an apparatus for a second user
equipment. The second user equipment may be, for ex-
ample, a remote UE. It is understood that although the
following highlights certain features, that features de-
scribed above in relation to the remote UE of Figures 7
and 8 may be performed by the second user equipment
of Figure 10, depending on the specific implementation.
The second user equipment of Figure 10 may interact
with the first user equipment of Figure 9.

[0183] At 1001, the second user equipment receives,
from a first user equipment, an indication that the first
user equipment is temporarily unable to provide a relay
to a network for the second user equipment over a direct
link, and an indication of a time when the first user equip-
ment will be able to provide said relay. The direct link
may be, for example, a UE-UE link/ PC5 direct link.
[0184] The second user equipment may perform op-
erations in response to receipt of the signalling of 1001.
For example, the second user equipment may signal, to
the first user equipment after said time, a first request to
provide said relay.

[0185] The second user equipment may receive, from
the first user equipment, an acceptance to the request.
At this point, the second user equipment and the first
user equipment are connected via a direct link. The sec-
ond user equipment may use this direct link to request
that the first user equipment provide a service for the
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second user equipment via the direct link.

[0186] The second user equipment may establish the
direct link with the first user equipment before receiving
said indications. In this case, said receive the indications
may comprise receiving the indications in a direct link
release request message.

[0187] The second user equipment may signal, to the
first user equipment, a second request to provide said
relay before receiving said indications. In this case, said
receive the indications may comprise receiving the indi-
cations in response to the second request.

[0188] Said received indication of a time when the first
user equipment will be able to provide said relay may
indicate a remaining time left on a timer of the first user
equipment when the indication is provided.

[0189] Said received indication of a time when the first
user equipment will be able to provide said relay may
indicate a start value of atimer of the first user equipment.
[0190] Figure 11 is aflow chartillustrating potential op-
erations that may be performed by an apparatus for a
first user equipment. The first user equipment may be,
for example, a relay UE.

[0191] At 1101, the first user equipment signals dis-
covery messages indicating that the first user equipment
is available for providing a service to another user equip-
ment via a direct link with the another user equipment.
At this point, the first user equipment may or may not
have a direct link established with another user equip-
ment.

[0192] At 1102, the first user equipmentreceives, from
a network function of the network, an indication that a
requested service cannot be provided as a result of con-
gestion control.

[0193] At 1103, in response to said receipt of the indi-
cation, the first user equipment stops said signalling of
the discovery messages. This renders the first user
equipment undiscoverable by the another user equip-
ments looking for relay UEs.

[0194] When the first user equipment is connected to
another user equipment via a direct link, the first user
equipment may additionally signal the connected another
user equipment a request to release the direct link. The
first user equipment may additionally perform any of the
actions described above in relation to Figure 9 when the
connected another user equipment is the second user
equipment described above in relation to Figure 10.
[0195] The first user equipment may signal, to the net-
work function, a request for said requested service. In
this case, the receiving the indication is performed in re-
sponse to said signalling of the request.

[0196] The first user equipment may receive, from the
network function, an indication of a first time after which
thefirstuserequipmentis allowed torequest said service.
On receipt of the indication of the first time, the first user
equipment initiates a timer using the value of the first time
as an initial value. On expiry of this timer (i.e. at the first
time), the first user equipment resumes signalling of the
discovery messages (although it is understood that the
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first user equipment may not resume signalling discovery
messages immediately at the first time, although this is
an efficient option).

[0197] Itis understood that although the above refers
to "remote" UEs and "relay" UEs, that these are simply
functions that a UE may perform. Consequently, a relay
UE may additionally or alternatively perform non-relay
UE related functions of a UE. Similarly, a remote UE may
additionally or alternatively perform non-remote UE re-
lated functions of a UE, including access a network
through an access point to the network through its own
connection to the access point (i.e. not via a direct link
with a relay UE). In other words, the remote and relay
UEs referred to above may perform normal UE functions.
[0198] Figure 2 shows an example of a control appa-
ratus for a communication system, for example to be cou-
pled to and/or for controlling a station of an access sys-
tem, such as a RAN node, e.g. a base station, gNB, a
central unit of a cloud architecture or a node of a core
network such as an MME or S-GW, a scheduling entity
such as a spectrum management entity, or a server or
host, forexample an apparatus hostingan NRF, NWDAF,
AMF, SMF, UDM/UDR etc. The control apparatus may
be integrated with or external to a node or module of a
core network or RAN. In some embodiments, base sta-
tions comprise a separate control apparatus unit or mod-
ule. In other embodiments, the control apparatus can be
another network element such as a radio network con-
troller or a spectrum controller. The control apparatus
200 can be arranged to provide control on communica-
tions in the service area of the system. The apparatus
200 comprises at least one memory 201, at least one
data processing unit 202, 203 and an input/output inter-
face 204. Via the interface the control apparatus can be
coupled to a receiver and a transmitter of the apparatus.
The receiver and/or the transmitter may be implemented
as a radio front end or a remote radio head. For example
the control apparatus 200 or processor 201 can be con-
figured to execute an appropriate software code to pro-
vide the control functions.

[0199] A possible wireless communication device will
now be described in more detail with reference to Figure
3 showing a schematic, partially sectioned view of a com-
munication device 300. Such a communication device is
often referred to as user equipment (UE) or terminal. An
appropriate mobile communication device may be pro-
vided by any device capable of sending and receiving
radio signals. Non-limiting examples comprise a mobile
station (MS) or mobile device such as a mobile phone or
what is known as a 'smart phone’, a computer provided
with a wireless interface card or other wireless interface
facility (e.g., USB dongle), personal data assistant (PDA)
or a tablet provided with wireless communication capa-
bilities, or any combinations of these or the like. A mobile
communication device may provide, for example, com-
munication of data for carrying communications such as
voice, electronic mail (email), text message, multimedia
and so on. Users may thus be offered and provided nu-
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merous services via their communication devices. Non-
limiting examples of these services comprise two-way or
multi-way calls, data communication or multimedia serv-
ices or simply an access to a data communications net-
work system, such as the Internet. Users may also be
provided broadcast or multicast data. Non-limiting exam-
ples of the content comprise downloads, television and
radio programs, videos, advertisements, various alerts
and other information.

[0200] A wireless communication device may be for
example a mobile device, that is, a device not fixed to a
particular location, or it may be a stationary device. The
wireless device may need human interaction for commu-
nication, or may not need human interaction for commu-
nication. In the present teachings the terms UE or "user"
are used to refer to any type of wireless communication
device.

[0201] The wireless device 300 may receive signals
over an air or radio interface 307 via appropriate appa-
ratus for receiving and may transmit signals via appro-
priate apparatus for transmitting radio signals. In Figure
3 transceiver apparatus is designated schematically by
block 306. The transceiver apparatus 306 may be pro-
vided for example by means of a radio part and associ-
ated antenna arrangement. The antenna arrangement
may be arranged internally or externally to the wireless
device.

[0202] A wireless device is typically provided with at
leastone data processing entity 301, atleastone memory
302 and other possible components 303 for use in soft-
ware and hardware aided execution oftasks itis designed
to perform, including control of access to and communi-
cations with access systems and other communication
devices. The data processing, storage and other relevant
control apparatus can be provided on an appropriate cir-
cuit board and/or in chipsets. This feature is denoted by
reference 704. The user may control the operation of the
wireless device by means of a suitable user interface
such as key pad 305, voice commands, touch sensitive
screen or pad, combinations thereof or the like. A display
308, a speaker and a microphone can be also provided.
Furthermore, a wireless communication device may
comprise appropriate connectors (either wired or wire-
less) to other devices and/or for connecting external ac-
cessories, for example hands-free equipment, thereto.
[0203] Figure 4 shows a schematic representation of
non-volatile memory media 400a (e.g. computer disc
(CD) or digital versatile disc (DVD)) and 400b (e.g. uni-
versal serial bus (USB) memory stick) storing instructions
and/or parameters 402 which when executed by a proc-
essor allow the processor to perform one or more of the
steps of the methods of Figure 9 and/or Figure 10 and/or
Figure 11.

[0204] The embodiments may thus vary within the
scope of the attached claims. In general, some embod-
iments may be implemented in hardware or special pur-
pose circuits, software, logic or any combination thereof.
Forexample, some aspects may be implemented in hard-
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ware, while other aspects may be implemented in
firmware or software which may be executed by a con-
troller, microprocessor or other computing device, al-
though embodiments are not limited thereto. While var-
ious embodiments may be illustrated and described as
block diagrams, flow charts, or using some other pictorial
representation, it is well understood that these blocks,
apparatus, systems, techniques or methods described
herein may be implemented in, as non-limiting examples,
hardware, software, firmware, special purpose circuits or
logic, general purpose hardware or controller or other
computing devices, or some combination thereof.
[0205] The embodiments may be implemented by
computer software stored in a memory and executable
by at least one data processor of the involved entities or
by hardware, or by a combination of software and hard-
ware. Further in this regard it should be noted that any
procedures, e.g., as in Figure 9 and/or Figure 10, and/or
Figure 11, may represent program steps, orinterconnect-
ed logic circuits, blocks and functions, or a combination
of program steps and logic circuits, blocks and functions.
The software may be stored on such physical media as
memory chips, or memory blocks implemented within the
processor, magnetic media such as hard disk or floppy
disks, and optical media such as for example DVD and
the data variants thereof, CD.

[0206] The memory may be of any type suitable to the
local technical environment and may be implemented us-
ing any suitable data storage technology, such as sem-
iconductor-based memory devices, magnetic memory
devices and systems, optical memory devices and sys-
tems, fixed memory and removable memory. The data
processors may be of any type suitable to the local tech-
nical environment, and may include one or more of gen-
eral purpose computers, special purpose computers, mi-
croprocessors, digital signal processors (DSPs), appli-
cation specific integrated circuits (AStudy ItemC), gate
level circuits and processors based on multi-core proc-
essor architecture, as non-limiting examples.

[0207] Alternatively or additionally some embodiments
may be implemented using circuitry. The circuitry may
be configured to perform one or more of the functions
and/or method steps previously described. That circuitry
may be provided in the base station and/or in the com-
munications device.

[0208] As used in this application, the term "circuitry"
may refer to one or more or all of the following:

(a) hardware-only circuit implementations (such as
implementations in only analogue and/or digital cir-
cuitry);

(b) combinations of hardware circuits and software,
such as:

(i)a combination of analogue and/or digital hard-
ware circuit(s) with software/firmware and

(ii) any portions of hardware processor(s) with
software (including digital signal processor(s)),
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software, and memory(ies) that work together
to cause an apparatus, such as the communi-
cations device or base station to perform the var-
ious functions previously described; and

(c) hardware circuit(s) and or processor(s), such as
a microprocessor(s) or a portion of a microproces-
sor(s), that requires software (e.g., firmware) for op-
eration, but the software may not be present when
it is not needed for operation.

[0209] This definition of circuitry applies to all uses of
this term in this application, including in any claims. As
a further example, as used in this application, the term
circuitry also covers an implementation of merely a hard-
ware circuit or processor (or multiple processors) or por-
tion of a hardware circuit or processor and its (or their)
accompanying software and/or firmware. The term cir-
cuitry also covers, for example integrated device.
[0210] The foregoing description has provided by way
of exemplary and non-limiting examples a fulland inform-
ative description of some embodiments. However, vari-
ous modifications and adaptations may become appar-
ent to those skilled in the relevant arts in view of the fore-
going description, when read in conjunction with the ac-
companying drawings and the appended claims. How-
ever, all such and similar modifications of the teachings
will still fall within the scope as defined in the appended
claims.

[0211] In the above, different examples are described
using, as an example of an access architecture to which
the presently described techniques may be applied, a
radio access architecture based on long term evolution
advanced (LTE Advanced, LTE-A) or new radio (NR,
5G), without restricting the examples to such an archi-
tecture, however. The examples may also be applied to
other kinds of communications networks having suitable
means by adjusting parameters and procedures appro-
priately. Some examples of other options for suitable sys-
tems are the universal mobile telecommunications sys-
tem (UMTS) radio access network (UTRAN), wireless
local area network (WLAN or WiFi), worldwide interop-
erability for microwave access (WiMAX), Bluetooth®,
personal communications services (PCS), ZigBee®,
wideband code division multiple access (WCDMA), sys-
tems using ultra-wideband (UWB) technology, sensor
networks, mobile ad-hoc networks (MANETSs) and Inter-
net Protocol multimedia subsystems (IMS) or any com-
bination thereof.

[0212] Figure 5 depicts examples of simplified system
architectures only showing some elements and function-
al entities, all being logical units, whose implementation
may differ from what is shown. The connections shown
in Figure 5 are logical connections; the actual physical
connections may be different. It is apparent to a person
skilled in the art that the system typically comprises also
other functions and structures than those shownin Figure
5.
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[0213] The examples are not, however, restricted to
the system given as an example but a person skilled in
the art may apply the solution to other communication
systems provided with necessary properties.

[0214] The example of Figure 5 shows a part of an
exemplifying radio access network. For example, the ra-
dio access network may support sidelink communica-
tions described below in more detail.

[0215] Figure 5 shows devices 500 and 502. The de-
vices 500 and 502 are configured to be in a wireless
connection on one or more communication channels with
a node 504. The node 504 is further connected to a core
network 506. In one example, the node 504 may be an
access node such as (e/g)NodeB serving devices in a
cell. In one example, the node 504 may be a non-3GPP
access node. The physical link from a device to a
(e/g)NodeB is called uplink or reverse link and the phys-
ical link from the (e/g)NodeB to the device is called down-
link or forward link. It should be appreciated that
(e/g)NodeBs or their functionalities may be implemented
by using any node, host, server or access point etc. entity
suitable for such a usage.

[0216] A communications system typically comprises
more than one (e/g)NodeB in which case the
(e/g)NodeBs may also be configured to communicate
with one another over links, wired or wireless, designed
for the purpose. These links may be used for signalling
purposes. The (e/g)NodeB is a computing device config-
ured to control the radio resources of communication sys-
tem it is coupled to. The NodeB may also be referred to
as a base station, an access point or any other type of
interfacing device including a relay station capable of op-
erating in a wireless environment. The (e/g)NodeB in-
cludes or is coupled to transceivers. From the transceiv-
ers of the (e/g)NodeB, a connection is provided to an
antenna unit that establishes bi-directional radio links to
devices. The antenna unit may comprise a plurality of
antennas orantennaelements. The (e/g)NodeB is further
connected to the core network 506 (CN or next genera-
tion core NGC). Depending on the deployed technology,
the (e/g)NodeB is connected to a serving and packet data
network gateway (S-GW +P-GW) or user plane function
(UPF), for routing and forwarding user data packets and
for providing connectivity of devices to one or more ex-
ternal packet data networks, and to a mobile manage-
ment entity (MME) or access mobility management func-
tion (AMF), for controlling access and mobility of the de-
vices.

[0217] Examples of a device are a subscriber unit, a
user device, a user equipment (UE), a user terminal, a
terminal device, a mobile station, a mobile device, etc
[0218] The device typically refers to a mobile or static
device (e.g. a portable or non-portable computing de-
vice) that includes wireless mobile communication de-
vices operating with or without an universal subscriber
identification module (USIM), including, but not limited
to, the following types of devices: mobile phone, smart-
phone, personal digital assistant (PDA), handset, device
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using a wireless modem (alarm or measurement device,
etc.), laptop and/or touch screen computer, tablet, game
console, notebook, and multimedia device. It should be
appreciated that a device may also be a nearly exclusive
uplink only device, of which an example is a camera or
video camera loading images or video clips to a network.
A device may also be a device having capability to op-
erate in Internet of Things (loT) network which is a sce-
nario in which objects are provided with the ability to
transfer data over a network without requiring human-to-
human or human-to-computer interaction, e.g. to be used
in smart power grids and connected vehicles. The device
may also utilise cloud. In some applications, a device
may comprise a user portable device with radio parts
(suchasawatch, earphones or eyeglasses) and the com-
putation is carried out in the cloud.

[0219] The device illustrates one type of an apparatus
to which resources on the air interface are allocated and
assigned, and thus any feature described herein with a
device may be implemented with a corresponding appa-
ratus, such as a relay node. An example of such a relay
node is a layer 3 relay (self-backhauling relay) towards
the base station. The device (or, in some examples, a
layer 3 relay node) is configured to perform one or more
of user equipment functionalities.

[0220] Various techniques described herein may also
be applied to a cyber-physical system (CPS) (a system
of collaborating computational elements controlling
physical entities). CPS may enable the implementation
and exploitation of massive amounts of interconnected
information and communications technology, ICT, devic-
es (sensors, actuators, processors microcontrollers, etc.)
embedded in physical objects at different locations. Mo-
bile cyber physical systems, in which the physical system
in question has inherent mobility, are a subcategory of
cyber-physical systems. Examples of mobile physical
systems include mobile robotics and electronics trans-
ported by humans or animals.

[0221] Additionally, although the apparatuses have
been depicted as single entities, different units, proces-
sors and/or memory units (not all shown in Figure 5) may
be implemented.

[0222] 5Genables using multiple input-multiple output
(MIMO) antennas, many more base stations or nodes
than the LTE (a so-called small cell concept), including
macro sites operating in co-operation with smaller sta-
tions and employing a variety of radio technologies de-
pending on service needs, use cases and/or spectrum
available. 5G mobile communications supports a wide
range of use cases and related applications including
video streaming, augmented reality, different ways of da-
ta sharing and various forms of machine type applications
(such as (massive) machine-type communications
(mMTC), including vehicular safety, different sensors
and real-time control). 5G is expected to have multiple
radio interfaces, e.g. below 6GHz or above 24 GHz,
cmWave and mmWave, and also being integrable with
existing legacy radio access technologies, such as the
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LTE. Integration with the LTE may be implemented, at
least in the early phase, as a system, where macro cov-
erage is provided by the LTE and 5G radio interface ac-
cess comes from small cells by aggregation to the LTE.
In other words, 5G is planned to support both inter-RAT
operability (such as LTE-5G) and inter-RI operability (in-
ter-radio interface operability, such as below 6GHz -
cmWave, 6 or above 24 GHz - cmWave and mmWave).
One of the concepts considered to be used in 5G net-
works is network slicing in which multiple independent
and dedicated virtual sub-networks (network instances)
may be created within the same infrastructure to run serv-
ices that have different requirements on latency, reliabil-
ity, throughput and mobility.

[0223] The currentarchitecture in LTE networks is fully
distributed in the radio and fully centralized in the core
network. The low latency applications and services in 5G
require to bring the content close to the radio which leads
to local break out and multi-access edge computing
(MEC). 5G enables analytics and knowledge generation
to occur at the source of the data. This approach requires
leveraging resources that may not be continuously con-
nected to a network such as laptops, smartphones, tab-
lets and sensors. MEC provides a distributed computing
environment for application and service hosting. It also
has the ability to store and process content in close prox-
imity to cellular subscribers for faster response time.
Edge computing covers a wide range of technologies
such as wireless sensor networks, mobile data acquisi-
tion, mobile signature analysis, cooperative distributed
peer-to-peer ad hoc networking and processing also
classifiable as local cloud/fog computing and grid/mesh
computing, dew computing, mobile edge computing,
cloudlet, distributed data storage and retrieval, autonom-
ic self-healing networks, remote cloud services, aug-
mented and virtual reality, data caching, Internet of
Things (massive connectivity and/or latency critical), crit-
ical communications (autonomous vehicles, traffic safe-
ty, real-time analytics, time-critical control, healthcare ap-
plications).

[0224] The communication system is also able to com-
municate with other networks 512, such as a public
switched telephone network, or a VolP network, or the
Internet, or a private network, or utilize services provided
by them. The communication network may also be able
to support the usage of cloud services, for example at
least part of core network operations may be carried out
as a cloud service (this is depicted in Figure 5 by "cloud"
514). The communication system may also comprise a
central control entity, or a like, providing facilities for net-
works of different operators to cooperate for example in
spectrum sharing.

[0225] The technology of Edge cloud may be brought
into a radio access network (RAN) by utilizing network
function virtualization (NFV) and software defined net-
working (SDN). Using the technology of edge cloud may
mean access node operations to be carried out, at least
partly, in a server, host or node operationally coupled to
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a remote radio head or base station comprising radio
parts. It is also possible that node operations will be dis-
tributed among a plurality of servers, nodes or hosts. Ap-
plication of cloudRAN architecture enables RAN real time
functions being carried out at or close to a remote anten-
na site (in a distributed unit, DU 508) and non-real time
functions being carried out in a centralized manner (in a
centralized unit, CU 510).

[0226] It should also be understood that the distribution
of labour between core network operations and base sta-
tion operations may differ from that of the LTE or even
be non-existent. Some other technology advancements
probably to be used are Big Data and all-IP, which may
change the way networks are being constructed and
managed. 5G (or new radio, NR) networks are being de-
signed to support multiple hierarchies, where MEC serv-
ers can be placed between the core and the base station
or nodeB (gNB). It should be appreciated that MEC can
be applied in 4G networks as well.

[0227] 5G may also utilize satellite communication to
enhance or complement the coverage of 5G service, for
example by providing backhauling. Possible use cases
are providing service continuity for machine-to-machine
(M2M) or Internet of Things (loT) devices or for passen-
gers on board of vehicles, Mobile Broadband, (MBB) or
ensuring service availability for critical communications,
and future railway/maritime/aeronautical communica-
tions. Satellite communication may utilise geostationary
earth orbit (GEO) satellite systems, but also low earth
orbit (LEO) satellite systems, in particular mega-constel-
lations (systems in which hundreds of (nano)satellites
are deployed). Each satellite in the mega-constellation
may cover several satellite-enabled network entities that
create on-ground cells. The on-ground cells may be cre-
ated through an on-ground relay node or by a gNB locat-
ed on-ground or in a satellite.

[0228] It is obvious for a person skilled in the art that
the depicted system is only an example of a part of a
radio access system and in practice, the system may
comprise a plurality of (e/g)NodeBs, the device may have
an access to a plurality of radio cells and the system may
comprise also other apparatuses, such as physical layer
relay nodes or other network elements, etc. At least one
of the (e/g)NodeBs or may be a Home(e/g)nodeB. Addi-
tionally, in a geographical area of a radio communication
system a plurality of different kinds of radio cells as well
as a plurality of radio cells may be provided. Radio cells
may be macro cells (or umbrella cells) which are large
cells, usually having a diameter of up to tens of kilom-
eters, or smaller cells such as micro-, femto- or picocells.
The (e/g)NodeBs of Figure 5 may provide any kind of
these cells. A cellular radio system may be implemented
as a multilayer network including several kinds of cells.
Typically, in multilayer networks, one access node pro-
vides one kind of a cell or cells, and thus a plurality of
(e/g)NodeBs are required to provide such a network
structure.

[0229] For fulfilling the need for improving the deploy-
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ment and performance of communication systems, the
concept of "plug-and-play" (e/g)NodeBs has been intro-
duced. Typically, a network which is able to use "plug-
and-play" (e/g)Node Bs, includes, in addition to Home
(e/g)NodeBs (H(e/g)nodeBs), a home node B gateway,
or HNB-GW (not shown in Figure 5). A HNB Gateway
(HNB-GW), which is typically installed within an opera-
tor’'s network may aggregate traffic from a large number
of HNBs back to a core network.

Claims
1. Anapparatus for a first user equipment, comprising:

- Means to receive, from a second user equip-
ment, a first request to provide a relay to a net-
work for the second user equipment overadirect
link; and

- means to signal, to the second user equipment,
anindication that the first user equipmentis tem-
porarily unable to provide said relay, and an in-
dication of a second time when the first user
equipment will be able to provide said relay.

2. The apparatus in accordance with claim 1, compris-
ing means receive, from a network function, an indi-
cation of a first time from the network function and
an indication that the network function cannot pro-
vide a requested service to the first user equipment
as a result of congestion control in the network func-
tion.

3. The apparatus in accordance with claim 1, wherein
the second time is derived based on the first time
from the network function.

4. The apparatus in accordance with one of the pro-
ceeding claims, wherein the network function is an
access and mobility function.

5. The apparatus in accordance with one of the pre-
ceding claims, wherein the means to receive is for
receiving a second request from the second user
equipment to provide the relay to a network for the
second user equipment over a direct link after the
second time when the first user equipmentis able to
provide said relay.

6. The apparatus in accordance with one of the pre-
ceding claims, wherein the means to signal the indi-
cations are adapted to

- signal the indications using a direct link release
request message, or

- signal the indications using a direct link estab-
lishment reject message.
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The apparatus in accordance with one of the pre-
ceding claims, wherein said indication of a second
time when the first user equipment will be able to
provide said relay indicates

- aremaining time left on a timer of the first user
equipment when the indication is provided, or
- a start value of a timer of the first user equip-
ment.

A method for a first user equipment, comprising:

- receiving, from a second user equipment, a
first request to provide a relay to a network for
the second user equipment over a direct link;
and

- signaling an acceptance to the first request;

- signaling, to the second user equipment, an
indication that the first user equipment is tem-
porarily unable to provide said relay, and an in-
dication of a second time when the first user
equipment will be able to provide said relay.

The method in accordance with claim 8, receiving,
from a network function, an indication of a first time
from the network function and an indication that the
network function cannot provide a requested service
to the first user equipment as a result of congestion
control in the network function.

The method in accordance with one of the claims
8-9, wherein the second time is derived based on
the first time from the network function.

The method in accordance with one of the claims
8-10, wherein the network function is an access and
mobility function.

The method in accordance with one of the claims
8-11, receiving a second request from the second
user equipment to provide the relay to a network for
the second user equipment over a direct link after
the second time when the first user equipment is able
to provide said relay.

The method in accordance with one of the claims
8-12, wherein the signaling the indications includes

- signaling the indications using a direct link re-
lease request message, or

- signaling the indications using a direct link es-
tablishment reject message.

The method in accordance with one of the claims
8-13, wherein said indication of a second time when
the first user equipment will be able to provide said
relay indicates
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- a remaining time left on a timer of the first user
equipment when the indication is provided, or
- a start value of a timer of the first user equip-
ment.

A computer-readable storage medium comprising
instructions which, when executed by a processor,
cause the processor to carry out the steps of:

- receiving, from a second user equipment, a
first request to provide a relay to a network for
the second user equipment over a direct link;
and

- signaling an acceptance to the first request;

- signaling, to the second user equipment, an
indication that the first user equipment is tem-
porarily unable to provide said relay, and an in-
dication of a second time when the first user
equipment will be able to provide said relay.

An apparatus for a second user equipment, compris-
ing:

- means to send, to a first user equipment, a first
request to provide a relay to a network for the
second user equipment over a direct link; and
- means to receive, from the first user equip-
ment, an indication that the first user equipment
is temporarily unable to provide said relay, and
an indication of a second time when the firstuser
equipment will be able to provide said relay.

The apparatus in accordance with claim 16, wherein
the indications are provided

- using a direct link release request message, or
- using a direct link establishment reject mes-
sage.

The apparatus in accordance with one of the claims
16-17, wherein the second time is derived based on
a first time from a network function.

The apparatus in accordance with one of the claims
16-18, wherein said indication of a second time when
the first user equipment will be able to provide said
relay indicates

- a remaining time left on a timer of the first user
equipment when the indication is provided, or
- a start value of a timer of the first user equip-
ment.

20. A method for a first user equipment, comprising:

- sending, to a first user equipment, a first re-
quest to provide a relay to a network for the sec-
ond user equipment over a direct link; and
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- receiving, from the first user equipment, an in-
dication that the first user equipment is tempo-
rarily unable to provide said relay, and an indi-
cation of a second time when the first user equip-
ment will be able to provide said relay. 5

21. The method in accordance with claim 20, wherein
the indications are provided

- using a direct link release request message, or 70
- using a direct link establishment reject mes-
sage.

22. The method in accordance with one of the claims
20-21, wherein said indication ofa secondtime when 15
the first user equipment will be able to provide said
relay indicates

- aremaining time left on a timer of the first user
equipment when the indication is provided, or 20
- a start value of a timer of the first user equip-
ment.

23. A computer-readable storage medium comprising
instructions which, when executed by a processor, 25
cause the processor to carry out the steps of:

- receiving, from a second user equipment, a
first request to provide a relay to a network for

the second user equipment over a direct link; 30
and

- signaling an acceptance to the first request;

- signaling, to the second user equipment, an
indication that the first user equipment is tem-
porarily unable to provide said relay, and an in- 35
dication of a second time when the first user
equipment will be able to provide said relay.
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